fifth skeleton, known as the Eichstatt specimen (the town nearest to where it was found, and where it is now housed) barely shows any feathers, but has a better preserved skull. The fine-grained limestones in which Archaeopteryx was preserved show the feathers of the wings, including the clearly distinct asymmetrical primary feathers of the hand and the more symmetrical secondary feathers of the arm, much as in modern birds. However, the tail, an elongate dinosaur-like organ, also carries feathers, arranged in pairs down its length and quite unlike the shortened fan of modern birds. Also unlike modern birds are the claws on the three fingers, the teeth in the beak, and the much less specialized skeleton (free metacarpals in the hand, simple ribs, a short dinosaur-like coracoid). It has been suggested that Archaeopteryx would have been described, from its skeleton, as a small dinosaur were it not that the imprints of the feathers were also preserved. This is perhaps a slight exaggeration. The hind toe, for instance, is turned back to oppose the three longer front toes, allowing it to perch in the way modern birds do. No dinosaur has such an arrangement. And while the skull bears teeth, it has the enlarged brain case and slender jaws of a bird, not the heavy skull of a dinosaur. The pelvic girdle is also very distinctive, with a very odd, two-pronged, ischium, not much like that of modern birds but not exactly like the equivalent dinosaur bones either (Figure 2 .1).
While its anatomy is well described (Elzanowski, 2002a) , much debate surrounds the life style of Archaeopteryx and its significance for interpreting both the ancestry of birds and their subsequent evolution. Though its humerus is much longer than that of a Magpie, its wingspan is similar, about 55
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Fig. 2.1 Archaeopteryx.
Reconstructed skeleton (after Elzanowski 2002 , Yalden 1984 and an impression of Archaeopteryx in gliding flight. Note teeth, clawed fingers, long bony tail, opposable hind toe.
PRINTED FROM OXFORD SCHOLARSHIP ONLINE (www.oxfordscholarship.com). (c) Copyright Oxford University Press, 2018. All Rights Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a monograph in OSO for personal use (for details see www.oxfordscholarship.com/page/privacy-policy). Subscriber: HINARI; date: 21 December 2018 perhaps weighed 470 g, about the size of a Rook.) Not only are the primary and secondary feathers distinct, but they are asymmetrical, distal vanes narrower than proximal ones, and the feather shafts are curved, characters that only make sense if the wings were used in flapping flight. The asymmetrical vanes mean that the feathers close against each other on the downstroke, and open up on the upstroke, while the curved shafts produce the same effect (Norberg, 1985) . However, the details of the rather simple rib cage and pectoral girdle indicate a much less refined muscular and respiratory system than in modern birds, so it is equally sure that flight was neither as prolonged or as manoeuvrable as in modern birds. Probably, it was adequate to allow Archaeopteryx to scramble and flap away from predators, in the way that young gamebirds can use their wings to escape predators long before they can fly properly (Elzanowski, 2002b) . The claws on its hand are very narrow and sharp, like the claws of woodpeckers, and it could have used them to scramble up tree trunks or rocks (Yalden, 1985) . Its hind claws were also quite sharp, though less so than the claws on the hand, and while they could also have been used for climbing, it seems possible that Archaeopteryx spent some of its time foraging for insects on the ground or among rocks, as well as in bushes. Its long hind limbs certainly suggest some ground foraging, though it could not run fast enough to take off from the ground without flapping, so probably had to scramble up to a height and then fly, gaining flying speed in the way that many birds and bats do, by dropping away from a branch or small cliff (Elzanowski, 2002b) .
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(p.27) Cretaceous birds
No other birds are known, from Europe or anywhere else, in the Jurassic, but a range of Lower Cretaceous birds has now been described, from China, Mongolia, and Spain. Collectively covering about 30 million years, from about 140 to 110 Ma, these birds show a variety of advances in their structure, compared with Archaeopteryx. Most of them have tails shortened into a pygostyle, suitable for carrying a fan of feathers. The claws on their hands are reduced to vestiges or lost completely. Their coracoids become taller, robust bones as in modern birds, and the large sternum, with the keel to carry the flight muscles, becomes evident. They lose their teeth, and so acquire the toothless beak that is so characteristic of all modern birds (and nearly all fossil birds, too). The different genera of Lower Cretaceous birds show these various modern characteristics appearing in an irregular or mosaic pattern, as though several different lineages of birds were evolving better flight mechanisms in parallel. For example, Jeholornis from north-east China still has a long tail, and a very Archaeopteryxlike pelvic girdle, but has a pillar-like coracoid and very few teeth; it seems to have been an early seed-eating bird, given that over 50 ovules of a plant called Carpolithus are preserved in its stomach. The contemporaneous Sinornis, also from China, and the slightly later Iberomesornis from Spain, a tiny bird about the size of a Great Tit, have a pillar-like coracoid and an odd, elongate pygostyle in combination with a rather primitive pelvic girdle, remnant finger claws and teeth ( Figure  2 .2). Another Chinese bird from the Early Cretaceous, Confuciusornis, is more advanced in having a toothless beak, like modern birds, but retains the long clawed fingers of Archaeopteryx, and has an elongate pygostyle. All these share the opposable hind toe of perching birds, but another contemporary Chinese bird, Chaoyungia, while retaining a toothed beak, has a reduced hind toe, like modern wading birds, and shows the earliest keeled sternum. Its forelimb and pectoral girdle were essentially modern, albeit with a reduced claw on at least the third (longest) finger. The recently described Hongshanornis appears to be a very early relative of the modern birds; coming from the Early Cretaceous of Inner Mongolia, it has a toothless beak, remnant claws on its fingers, but long hind legs that suggest a wader-like ecology (Zhou & Zhang, 2005) . It is evident that the early Cretaceous birds show a remarkable diversity of advanced and primitive characters, with much parallel evolution towards a modern flight apparatus. Ambiortus, from the Early Cretaceous of Mongolia, about 130 Ma, is probably the oldest bird known to have a modern flight skeleton, with fused carpometacarpus, large sternum and keel, and an extended coracoid with the pulley system for the wing-raising muscles. Interestingly, it retains a claw on its third finger (Kurochkin, 1985) . Its skull is not known.
There is a scatter of bird fossils throughout the Cretaceous, though not enough to give us a coherent story, yet, of the evolution of modern birds. The earliest fossil bird from Britain is from the earliest period of the Upper Cretaceous, from the Greensand at the base of the Chalk in Cambridgeshire, and about 100 Ma ago. Named Enaliornis by Seeley in 1876, it is known from a scatter of bones, possibly from different sites, including three brain cases, part of a pelvic girdle, femora, tibiotarsi, and tarsometatarsi (Galton & Martin, 2002) . While insufficient to provide a complete description, they indicate a bird about the size of a pigeon, but, from the hind limb bones, evidently a seabird related to the later, and much better known, Hesperornis. Hesperornis is one of two famous toothed birds from the Upper Cretaceous, about 80 Ma, the other being Ichthyornis. They were described in 1880 from (p.28) PRINTED the size of a tern, with a powerful flight musculature, as indicated by the large keel on the sternum and the prominent crest on the humerus, where the flight muscles attach. Like Hesperornis, it had teeth the length of the lower bill, but the upper bill is not fully known so it is uncertain whether it too was partially toothless. Since its original discovery, it too has been reported widely from North America, from Antarctica, and from Belgium (Dyke et al., 2002) . These toothed birds clearly belonged to widespread, successful groups of fish-eaters. Cretaceous-Tertiary transition However, the end of the Cretaceous, marked by the disappearance of mosasaurs, dinosaurs, pterosaurs, ichthyosaurs, and ammonites, also saw the demise of these toothed birds. Indeed, there is very little Cretaceous evidence of the birds that did survive into the Tertiary. Some possible 'transitional shorebirds' have been described from the Lance Formation, the latest Cretaceous in North America. These are specimens, usually isolated bones, that seem to share characteristics of Stone Curlews with those of some much later Eocene fossils that show a mixture of wader (charadriiform), duck (anseriform), and ibis (ciconiiform) characteristics (Feduccia, 1995 (Feduccia, , 1996 ). Some possible primitive relatives of the ratites and tinamous are also present (ratites include the flightless Ostrich, Rhea, Emu, and Cassowary, which share a flat, raft-like sternum; their primitive sort of palate anatomy, termed palaeognathous, is shared with the tinamous of South America). It seems likely that these two groups provided the avian survivors of the Cretaceous extinctions, but they are not well preserved. This is, however, a subject of much current controversy. While the palaeontological record is characterized by a scarcity of evidence for the birds that must have been present during the transition from Cretaceous to early Tertiary times, the molecular evidence strongly suggests that many lineages of modern birds were already present. Thus palaeontologists strongly believe that there was a very rapid, explosive, evolution of birds in the Palaeocene, as the few surviving lineages (ancestral types of wader/duck and ratite/tinamou) evolved into the ancestors of the modern orders within the earliest 10 Ma or so of Palaeocene time (e.g. Feduccia, 1995; Benton, 1999) . Molecular ornithologists contrarily argue that the extensive differences between the genes of modern birds, coupled with the time that was likely to be needed to evolve those differences, mean that the modern orders must have been founded anything between 100 and 160 Ma, well back in the early Cretaceous (e.g. Cooper & Penny, 1997 Genetic evidence has been invaluable in discerning genetic relationships between bird species and groups. Basically the reasoning is very simple. The DNA sequence from any species differs by some small percentage from that of any other species. If three species are compared, for the same gene, the two with fewest differences are, obviously, more closely (p. 30) related than either is to the third species. Moreover, a bigger difference has presumably evolved over a longer period. Genetic evidence has shown, for instance, that the various seabirds recognized as penguins, shearwaters, albatrosses, and divers (loons) are more closely related to each other than to other orders of birds, and, more surprisingly, are actually relatively recent, more derived groups. Traditionally, they had been regarded as more primitive, that is, an early radiation. Even traditional, morphologically and palaeontologically based, ornithologists are willing to accept this new judgement of their relationships. The controversy starts with trying to assign dates to the times of divergences. It is not possible to do so without reference to some palaeontological time marker. It is also necessary to assume that the rate of genetic change has been constant over some time period since a divergence. Palaeontological time markers are usually the earliest distinct fossil of one or other lineage: considering say anseriform-galliform divergence, the earliest definite duck or gamebird would indicate that these two had diverged from their presumptive common ancestor. If swans and geese were to differ from ducks by 5% of their DNA codes, and we think the earliest fossil swan is 10 million years old, then a difference of 50% between ducks and hens would imply that they diverged 100 million years ago. An alternative time marker is sometimes used, the dates by which continents, carrying particular bird groups, are known to have separated, by continental drift. For example, kiwis only occur in New Zealand, which is believed to have separated from Australia in the Late Cretaceous about 82 Ma, so the 18.4% difference between kiwis and emus, their nearest living relatives, must have developed over about 82 Ma.
In assigning dates to their phylogeny, Cooper & Penny (1997) take a date of 70 Ma as the occurrence of the earliest diver, but this identification is considered very doubtful by others (Feduccia 1996) ; the relevant specimen may well be a hesperornithid. In that case, the earliest diver is probably Colymboides anglicus from the Eocene London Clays of the Thames estuary, only about 53 Ma. Because it is accepted that this seabird group was a late divergence in bird phylogeny, taking such an early date for this divergence as 70 Ma obviously pushes the dates of divergence of other, even earlier evolving, bird groups well back into the Cretaceous. There are similar problems with using the movements of continents to estimate divergence times. Implicit in the suggestion that kiwis and emus diverged 82 Ma is the assumption that their common ancestor was already flightless, so had to be carried on the diverging continents as they drifted apart. Other evidence shows, however, that flightlessness, and the anatomical features that characterize it, can evolve very quickly in birds. If a flighted kiwi ancestor flew to New Zealand, and then lost its ability to fly, it could have done so much more recently than 80 Ma. A different approach to the apparent absence of early fossils of modern bird groups is taken by Benton (1999) , trying to reconcile the palaeontological and genetic evidence. He points out that the gaps in the known record of fossil bird lineages in the Tertiary can be used to estimate the likely size of the gap before the earliest known occurrence of that lineage. On this basis, for example, the earliest known examples of swift (55 Ma), nightjar (55 Ma), and owl (58 Ma) lineages, in combination with the subsequent time gaps observed in their lineages, indicate likely earliest dates (with 95% probability) of 62 Ma, 67 Ma, and 63 Ma respectively. In other words, nightjars, with the biggest gaps in their subsequent history, might have evolved in the latest Cretaceous, and thus survived through the Cretaceous-Tertiary extinction of 65 Ma, but probably did not, and it is very unlikely that the other two groups did so. A more direct analysis of the Mesozoic (p.31) (mostly Cretaceous) bird record (Fountaine et al., 2005) demonstrates that it is a perfectly good one?-enough species are known, and many of the specimens themselves are complete enough?-to demonstrate that these known birds really do not belong to any of the 'modern' bird groups. Nor are any decent fossils of modern (neornithine) groups known from the Late Cretaceous. Perhaps, as the molecular scientists argue, the relevant species existed only in parts of the world from which there is little or no fossil record. More likely, as the palaeontologists argue, they don't exist because modern groups had of a molecular clock running at a constant rate does not apply to the early stages of modern bird radiation. It is evident that both molecular and direct fossil evidence have much to contribute still to this debate, and it will be an active area of research and discussion for the next decade.
Tertiary birds
Not only are there scant remains of modern type birds in the Late Cretaceous, but nor are there many bird specimens from the succeeding 10 million years of the Palaeocene. However, in the succeeding Eocene, important and diverse faunas from five sites (and a scatter of specimens from additional sites) give us early glimpses of the radiation of modern birds (Mayr, 2005) .
The earliest of these major faunas, from the Fur Formation in Denmark, dates to just above the Palaeocene/Eocene boundary, about 54 Ma. This is a small fauna, but contains some exquisitely preserved bird skeletons, many of articulated bones preserved 'in the round', including even soft tissues and feathers. The fauna includes about 30 species, though many are not yet described or named (Lindow & Dyke, 2006) . There are primitive gamebirds, waders, parrots, mousebirds, trogons, and swifts, as well as possible owls, rails, and coraciiforms (roller/kingfisher/hoopoe relatives). Among the best preserved is Lithornis, a flying bird with the primitive (palaeognathous) palate seen in ratites and tinamous. The next fauna in age, also from the Lower Eocene at about 53 Ma, comes from the London Clay around the Thames Estuary, at various sites including the Isle of Sheppey and The Naze, in Essex, and equally in the Hampshire Basin along the south coast from Dorset to Sussex and on the Isle of Wight (Harrison & Walker, 1977; Steadman, 1981; Dyke, 2001 ). More than 50 species are recorded. Mostly these are represented by isolated bones, but they too are preserved uncrushed. Many of them are referable to modern families, though others belong to extinct families that show characters intermediate between two modern ones, and a few belong to entirely extinct groups. Primitive members of the nightjar, stone curlew, falcon, hawk, duck, bustard, owl, roller, wood-hoopoe, cuckoo, turaco, and mousebird families are present, along with, for example, a galliform Paraortygoides radagasti that cannot be placed in any of the four modern galliform families (Megapodidae, Phasianidae, Numididae, or Cracidae (Dyke & Gulas, 2002) as tropical forest birds (wood-hoopoes, mousebirds, trogons, turacoes, parrots) and more likely inhabitants of a European landscape (divers, petrels, ospreys, auks). One major group is significantly absent: although small birds are preserved, there seem to be no passerines. One partial metacarpus, Primoscens, was named as such (Harrison & Walker, 1977) , but it is difficult (p.32) to distinguish passerine metacarpals from those of woodpeckers (Benton & Cook, 2005) , and primoscenids turn out to have zygodactyl feet (two toes opposing two toes) like woodpeckers (Lindow & Dyke, 2006) . The London Clay fossils are mostly small fragmented specimens, sometimes a few associated bones and usually nicely preserved in the round, but hard to interpret. The faunas from the slightly later sites of the Green River in Utah (about 50 Ma) and the famous Messel oil shales near Darmstadt in Germany (about 49 Ma) are very similar, though their fossilization is very different. The Green River fauna, laid down in fine silt, contains birds that are well-preserved, often complete, skeletons. It includes at least 39 species from 14 or 15 orders, including an early frigate bird Limnofregata, an owl, a swift, an oil-bird, various rail relatives, mousebirds, coraciiforms (kingfisher/bee-eater/roller relatives) and, best known, the wading duck Presbyornis (Feduccia, 1996) . The Messel fauna is remarkable because whole body fossils are preserved in oil shales, sometimes with plumage and gut contents, albeit the skeletons tend to be crushed flat. Among about 30 species described so far are a swift Scaniacypselus, a primitive hoopoe Messelirrisor, kingfisher Quasisyndactylus, parrot Psittacopes, nightjars, rails, a galliform Paraortygoides like that from the London Clay, woodpeckers, and mousebirds. A predator, Messelastur, is closer to owls, but probably also related to Falconiformes. Surprisingly, in a European context, is a swift-like hummingbird ancestor Parargornis (Mayr, 2000 (Mayr, , 2005 . Both the variety of these Eocene faunas and the genera present are very similar across all four sites, and detailed studies are often enhanced by comparing, say, flattened whole body specimens from Messel with broken but uncrushed specimens from the London Clay. However, the primitive Lithornis seems to be absent by the Middle Eocene (e.g. at Messel), and may be a Cretaceous survivor that finally died out as modern groups stated to evolve. The biggest fauna of all is the famous fauna from the quarries in the phosphorites at Quercy in south-west France, rather later in time, ranging from Upper Eocene to Upper Oligocene, or from about 40 to 35 Ma. Specimens have been collected from those quarries since at least the 1860s, and are still being collected. Some 90 or more species are reported, though many of the names are old, and much needed revision may reduce their number, but at least 25 families are represented. The fauna shares some features of the earlier Eocene faunas, including some genera; there are numerous coraciiforms, nightjars, swifts, and owls, some trogons, mousebirds, cuckoos, rail relatives, a heron, hawks, cathartid (now American) vultures, waders, and gamebirds. The later faunas include a more modern element as well?-some phasianid gamebirds, and perhaps one extant genus (an avocet Recurvirostra sanctaeneboulae); most importantly, from the Upper Oligocene, about 25 Ma, comes the first passerine reported from Europe. In the succeeding Miocene, passerines become more diverse although, being mostly small, rarely numerous.
The place and timing of the appearance of passerines has been a topic of much discussion and controversy. In the modern fauna, some 60% of the 9,500 bird species are passerines, and their current diversity has led some to question the reality of their earlier absence. Such a diversity 'must' have required a long time to evolve, is the argument. Both on their anatomy and their molecules, passerines are certainly a distinctive group (Slack et al., 2007) . Characteristically, they are small; the Raven and the Australian Superb Lyre-bird Menura novaehollandiae are exceptionally large, about 1 kg in weight, but most are in the range of 10-100 g. Among their anatomical characteristics is a perching foot, with a strong hallux (big toe or hind toe) opposing the three main toes; many have the complex syrinx, which (p.33) is correlated with them being songbirds. It seems very likely that they originated in the southern continents, perhaps in Australia, as the earliest fossil passerine comes from Eocene deposits there (Boles, 1995) . Moreover, molecular analysis of modern passerines confirms that the more primitive passerines come from southern continents, the relics of the giant southern continent Gondwanaland, which split up in the Cretaceous. The most isolated and genetically primitive are the few members of the riflemen, family Acanthisittidae, confined to New Zealand (Ericson et al., 2002; Slack et al., 2007) . The Suboscines, the passerines that are not also songbirds (Oscines), occur principally in South America and South-east Asia (India was also part of Gondwanaland) (e.g. tyrant flycatchers Tyrannidae, broadbills Eurylaimidae, pittas Pittidae). The more primitive of the Oscines (including the lyre-birds) are also found in Australia. It looks as though the more advanced, oscine, passerines only extended their range to northern continents during the Oligocene (Barker et al., 2002) . The beautifully preserved Messel birds, often at least as small as modern passerines, leave little doubt that passerines were absent from Eocene Europe. The London Clay and Quercy faunas emphasize that conclusion (Blondel & MourerChauvire, 1998) . The earliest passerines from Europe come from the Early Oligocene of Germany and France, though not yet fully described. The analysis of some partial tarsometatarsals from the Middle Miocene of France and Germany adds some convincing detail (Manegold et al., 2004) . These are preserved well enough to reveal details of the canals for the tendons of the foot as they pass the ankle, through a bony bridge called the hypotarsus. Most modern passerines show six enclosed canals in the hypotarsus, but the New Zealand Acanthisittidae have only two enclosed canals; one of these Miocene fossils has only one canal, another has three. These indicate that the passerines then in Europe did do not belong to any of the modern families of European passerines (Manegold et al., 2004) .
Pleistocene birds
As cooler climates developed, from the Late Oligocene about 30 Ma, the tropical-looking birds characteristic of the Eocene and earlier Oligocene European faunas retreated to Africa. Most of Britain was submerged under shallow seas through the Miocene, so bird (and mammal) faunas are absent. From elsewhere in Europe, Miocene avifaunas show that passerines were becoming the dominant land-birds, and many extant genera appear. The fossil record of birds in Britain recommences in the later Pliocene, about 2 Ma, and in the Pleistocene, roughly the last 1.8 million years. This was a period in which successive, increasingly more severe, cold (glacial) periods, interrupted by briefer warm (interglacial) periods, determined the fauna and flora of northern latitudes, including our islands. From the end of the Pliocene, we have a very few bird bones from the Red Crags, clays laid down under shallow marine conditions now exposed in a few places along the Suffolk coast. Most notable is the remnant of an albatross, originally named Diomedea anglica, for albatrosses are usually thought to be southern hemisphere birds (Harrison & Walker, 1978b) . A tarsometatarsal from Foxhall, Suffolk with one associated toe bone constitutes the type specimen, now in Ipswich Museum. A partial right ulna from the earlier Pliocene Coralline Crag of Orford, Suffolk and a partial tibiotarsus from Florida were the only other known elements, but recently another, complete, right ulna and partial humerus were recovered from the Norwich Crag near Coverhithe (p.34) (Dyke et al., 2007b) . In size they are all close to Royal Albatross D. epomophora, but about 5% smaller; in shape they are closest to the Short-tailed Albatross D. albatrus of the Pacific, though appreciably larger. The availability now of a complete wing bone and a complete leg bone gives an index of their relative lengths. The legs are relatively rather longer than in typical Diomedea, and along with D. albatrus and its relatives, D. anglica is now assigned to a different genus, Phoebastria, containing the Short-tailed Albatrosses of the North Pacific (Dyke et al., 2007b) . The genus has evidently a very shrunken modern range. Along with the albatross is Cepphus storeri, related to the Black Guillemot C. grylle and its Pacific relatives C. columba and C. carbo, and perhaps ancestral to all three (Harrison, 1985) .
Another gap, of perhaps a million years, elapses before the next glimpse of our bird fauna, from the Cromer Forest Beds, exposed at numerous coastal sites such as West Runton, Norfolk. By this time, however, modern species are present. From deposits of the Pastonian interglacial, a temperate period about 400 ka (thousand years ago) comes a small fauna, including Bewick's Swan, Mallard, Buzzard Buteo sp. (Common B. buteo or Rough-legged B. lagopus?), Guillemot, and Razorbill (Harrison, 1985) . This could be a present-day wintering bird fauna, but one additional species would be a very unlikely visitor now to East Anglia: the first record of Eagle Owl Bubo bubo from Britain also comes from these deposits. (Harrison, 1985) . Other species that show disjunct distributions, notably the Azure-winged Magpie (found now in southern Spain and Portugal but otherwise in China and Japan), indicate that this is not an impossible occurrence. Some genera of mammals inhabiting oak woodlands, such as hedgehogs Erinaceus and wood mice Apodemus, show similar disjunct distributions. One may suspect that there was, in earlier times, a continuous belt of deciduous woodland stretched across the Palaearctic from Atlantic to Pacific, a belt that is now broken by the intervention of the arid interior of central Asia. The Cromerian avifauna is not confined to wetland species. Passerines of oak woodland include Blackbird, Song Thrush or Redwing, Nuthatch, Starling, and Jay. This could almost be the tick-list from a wetland in temperate oak woodlands in East Anglia today, though the Mandarin, Red-crested Pochard, and the Eider would look rather out of place. Another small fauna from Ostend, Norfolk, also includes Red-crested Pochard, along with Pochard and Common Scoter, and a fourth species that is another exotic eastern element, a Junglefowl Gallus europaeus (Harrison, 1978) . There are other species of Gallus recorded elsewhere in Europe in earlier times; Gallus beremendensis from the Late Pliocene or Early Pleistocene of Hungary (Janossy, 1986), and another from the Pliocene of France (Mourer-Chauvire, 1993), but these are much earlier in time than the British specimens, and it is not clear whether they are directly related, even the same. marked, perhaps, by the presence of Red-throated Diver and Common Scoter at Mundesley, further south round the Norfolk coast (Harrison, 1985) .
Another small but significant avifauna has been described from the important archaeological site of Boxgrove. This site reveals the earliest evidence yet for human habitation of Britain. It is now some 12 km north of the Sussex coast, inland from Bognor, but was then much closer to the sea. The open campsite was sited just in the shelter of a low chalk cliff-line, and the humans were represented not only by abundant stone tools, hand axes made from the local flint, but a single leg bone (tibia) as well. The birds present have been identified, sometimes tentatively, as cf. Whooper Swan, Greylag Goose, Mallard, Widgeon, cf. Garganey, Teal, Tufted Duck, Goldeneye, Grey Partridge, Moorhen, a medium-sized wader, perhaps Woodcock or Golden Plover, Black-headed Gull, cf. Kittiwake, Great Auk, Tawny Owl, Swift, cf. Robin, cf. Hedge Sparrow and Starling (Harrison & Stewart, 1999) . Most of these are only represented by one or two bones, hence the tentative identifications, though the Mallard is well represented, by 38 or so bones. In particular, the Great Auk, perhaps the most notable in this list, is only indicated by the proximal end of a right humerus, but this is one of the most distinctive bones of a very distinctive species. It is significant, too, as probably the earliest record of this unfortunate species anywhere in the world. It is not too easy to detect either the environment or the manner in which these bones arrived on site, but wetlands nearby seem to have been a good hunting ground for the early Britons. They were certainly hunting the larger mammals at this site (horse, rhinoceros, deer, elephant), whose bones bear the cut marks of their flint tools, but there are no such direct clues on the bird bones to show that the birds too were hunted (Roberts & Parfitt, 1999) . Perhaps they were?-it is difficult to see how else the Great Auk might have arrived?-but they might just have been using the freshwater lakes that would undoubtedly have been important to both the humans and their prey. The Swift was probably nesting in crevices in the chalk cliffs and hunting over the water.
The evidence from the small mammals, in particular, suggests that Boxgrove represents a later phase, another interglacial, than the Cromerian, but earlier than the Hoxnian or Great Interglacial (Yalden, 1999 have separated these interglacials, and the next bird faunas come from Swanscombe in Kent, East Farm, Barnham, in Suffolk, Cudmore Grove, Essex, and Hoxne itself, all of Hoxnian age. Swanscombe produces the largest bird fauna of this interglacial (Harrison, 1979 (Harrison, , 1985 Parry, 1996 From the Wolstonian Glacial, or perhaps the very end of the Hoxnian, as the climate got colder, at Swanscombe, Harrison (1979 Harrison ( , 1985 lists possible White-fronted and Barnacle Geese, Common Scoter, and Capercaillie, probably a hen. A much larger fauna comes from the lower levels, the Glutton Stratum, of Tornewton Cave in Devon, 10 km inland from Torquay. This includes Black Stork, Shelduck, Goosander, Kestrel, and a large Eagle Owl. (p.36) Particularly interesting is a Crossbill Loxia sp., which could be Scottish L. scotica, Parrot L. ptyoptsittacus or, quite likely, the common ancestor of both of them. Somewhat more incongruous is apparently a red-legged partridge, described as a new species Alectoris sutcliffei because it is smaller than the extant species of Alectoris, and was perhaps adapted to cooler conditions. There is some difficulty in assessing bird faunas of the next interglacials, because what has traditionally been supposed to be one interglacial, the Ipswichian, is now considered to be two or three such warm periods (Currant, 1989; Yalden, 1999) . One, which might be termed informally the Pre-Ipswichian, is characterized by a lack of Hippopotamus: the Bear Stratum and Otter Stratum of Tornewton Cave, with a bird fauna including Shelduck, Brent Goose, and Goosander, might well belong here. White-tailed Eagle was also present in the Bear Stratum, and was probably the predator responsible for bringing the waterfowl into the cave (Harrison, 1987b; Stewart, 2002a (Harrison, 1987b) . Assuming that the waders were wintering birds from the nearby shore, the Red Kite, Hobby, and particularly nesting Cory's Shearwater indicate a somewhat southern fauna, commensurate with the well-known occurrences of such southern mammals as Hippopotamus, Fallow Deer, and Spotted Hyaena in faunas of this age. There are a few bird fossils of this age from the London area as well, though not from the classic mammalian sites: Smew, Junglefowl, and Coot from Crayford, Kent; Cormorant, Mute/Whooper Swan, Greylag, and Red-breasted Goose from Gray's, Essex; Mute/ Whooper Swan, White-fronted and Greylag Goose, Mallard, and Crane from Ilford, Essex; Mallard from Uphall, Essex, and Gadwall from Waterhall Farm, Hertfordshire (Harrison & Walker, 1977) . Most of these species seem unremarkable, but the Junglefowl is either an eastern species or an intrusive specimen of much later date. Only the distal end of a radius, not the most distinctive of bones at the specific level, was recorded. The Crane from Ilford also deserves discussion. Harrison & Cowles (1977) elsewhere in the world (e.g. the Whooping and Sandhill Cranes G. americana and G. canadensis in North America). However, it is more likely that the size range of G. grus has been underestimated?-males are anyway bigger than females, and the species was apparently larger in the past (Stewart, 2007a; Driesch, 1999) . (p.37) Fig. 2.3 Size of the carpometacarpal (inset) in the Common Crane Grus grus (solid dots), the Asian Sarus Crane G.
antigone (triangles) and fossil specimens from Europe (circles) which include the putative extinct European Crane G. primigenia. The size ranges of the two modern species overlap, and the fossil specimens range across the two. Where the sex of modern specimens is known, it is indicated; note that males are larger than females, and it is likely that the large fossil specimens were large males of Common Crane (after Driesch 1999 , Stewart 2007a Driesch (1999) and Stewart (2007a) plotted the lengths of the few available bones of archaeological Grus from western Europe against the available modern specimens of G. grus and G. antigone (Figure 2.3 ). There is in any case a substantial difference between females and larger males, which makes the species very variable. The plots do indeed suggest a larger size range for archaeological specimens, overlapping both modern G. grus at the lower end of the size range and G. antigone at the upper end. In that case, G. primigenia cannot readily be distinguished from, and should probably be included within, G. grus. The few Pleistocene specimens, in particular, are larger than the material from archaeological sites, and, just as for many mammals (Davis, 1981) , it looks as though its size declined as the climate ameliorated. Larger size is well known to confer advantages to many species in severe climates, so long as adequate food sources are available; it allows accumulation of greater fat reserves, a wider size range in food and a relatively lower rate of heat loss (through a relatively lower surface/mass ratio). An alternative possibility, with some evidence to support it, is that cranes in former southern breeding populations, now extinct, may have been larger, or at least included larger birds (Stewart, 2007a) .
The Last Glaciation
The most recent glacial period is known as the Devensian in Great Britain, the Weichselian in northern Europe, the Würmian in Alpine Europe, and the Wisconsinan in North America, to avoid the assumption that these are necessarily the same period in all these places. (p.38) Jenkinson, 1984; Bramwell, 1984) . It is not easy to conceive of these all being members of the same fauna, even allowing for the southward migration of northern species in winter. It seems likely that the birds represent at least two subfaunas combined, one from a warmer phase when waters did not freeze in winter, the other from a colder phase.
Perhaps contemporary cold faunas come from Kent's Cavern, Devon, including Shag, White-fronted Goose, and Snowy Owl (Harrison, 1987b) , and Windmill Cave, Brixham, with Common
Shelduck and Common/Rough-legged Buzzard (Harrison, 1980b) . The small mammals of this time are well known to include both Collared and Norway Lemmings (Dicrostonyx, Lemmus) as well as the northern voles Microtus oeconomus and M. gregalis. Thus the presence of raptors and owls is highly appropriate, but it is odd that this seems to be the only record of Snowy Owl for Britain, as the species is well recorded, even abundant, in Europe, for instance in France (Mourer-Chauviré, 1993) and Hungary (Janossy, 1986) , during the Last Glaciation. 
Continental Europe
If it is true that Britain, and other northern parts of western Europe (especially Scandinavia, which was also covered under an ice sheet), had little or none of their present bird fauna during the glacial maximum, that fauna must have been pushed south into warmer latitudes. (p.40) Classical theory has supposed that Iberia, southern Italy, and perhaps the Balkan peninsula acted as refuges for more northern species during the glacial maxima. Given that there were several glacial-interglacial cycles during the Pleistocene, the repeated retreat to and expansion from these refuges should also have played a part in the speciation of modern birds (and other animals and plants). For example, it has been suggested that Hooded Crows Corvus cornix represent a population that retreated to and differentiated in Iberia, while Carrion Crows C. corone retreated to the Balkans. There are several quite complex arguments wrapped up in this apparently simple and very plausible notion. The account just given of birds in Britain during the Pleistocene is notable for the increasing familiarity of most of the species and their combinations as faunas. A few genuinely extinct species certainly were present in the Pliocene and early Pleistocene, and this is much more evident elsewhere in Europe (e.g. in France and Hungary; MourerChauviré, 1993 , Janossy, 1986 ) than in Britain, where equivalent faunas are missing. These earlier forms seem to be ancestral to modern species, for instance precursors of Raven (Corvus antecorax), Black Grouse (Tetrao partium), Hazel Hen (Bonasia preaebonasia), and Capercaillie (Tetrao praeurogallus) (Mourer-Chauviré, 1993) . By the middle Pleistocene, there are perhaps the early Gallus, Grus primigenia if that is real, Alectoris sutcliffei and the Thicklegged Eider Somateria gravipes but most birds seem to belong to modern species; at the very least, they cannot be readily distinguished from modern species (Stewart, 2002b). Birds do not seem to show the relatively rapid evolutionary changes that the mammals, particularly the voles and lemmings, show during the late Pleistocene as they adapted to the more severe conditions. One species does seem to show some change: the Eagle Owl of the earlier period was smaller, and seems to have evolved into the larger form now found in Europe by the Devensian. It has been suggested that owls are relatively sedentary, and becoming larger would be an appropriate strategy for a large owl, but that most birds would respond by migrating rather than evolving (Harrison, 1987b Grouse too are largely sedentary, and it has been suggested that they likewise evolved a larger size, and an ability to live on a coarse diet (conifer needles, heather, bilberry, buds, and catkins of deciduous shrubs), during the Pleistocene, as a response to increasingly severe weather and the appearance of boreal habitats (Drovetski, 2003) . But if most birds from earlier in the Pleistocene were of familiar species, it is hard to argue that isolation in southern Europe during the last glaciation contributed to their differentiation. They must have evolved rather earlier, perhaps during the Late Miocene and Pliocene.
Molecular evidence, of the sort already discussed in relation to the origins of the modern orders of birds, has also been applied to the question of when modern species evolved. This too sometimes suggests that modern species split from their common ancestors much further back than the Last Glacial. However, the black and white flycatchers, Ficedula hypoleuca, F. albicollis, F. semitorquata, and F. speculigera, differ from each other by about 3% of their mitochondrial DNA; on the basis of the molecular clocks suggested earlier, this does imply a separation about 70 ka (Saetre et al., 2001) . This indicates separation at the beginning of the Devensian glaciation, which would certainly have restricted these woodland species to southern refuges. The three European species have overlapping breeding distributions, but are ranged north-west to south-east, Pied Flycatcher F. hypoleuca in the west and north, Collared F. albicollis across the centre, and Semicollared F. semitorquata ranging eastwards from the Greece to the Caspian Sea and beyond (Figure 2.4 (Cooper, 2005) . The Azurewinged Magpie is much the most interesting species here: not only does its presence this early, and in the expected glacial refugium (Cooper, 2000) , confirm that it was indeed native (not a Portuguese Mediaeval introduction), but genetic evidence has since confirmed the distinction of Iberian from Asian populations (Fok et al., 2002) , a good example of palaeontological and genetic evidence supporting each other.
If the glacial periods saw temperate faunas pushed south into refuges in the Mediterranean region, or south-east towards the Black Sea, the interglacial periods must similarly have seen the species that breed on the tundra pushed northwards into very small northern refuges. It is believed that both the Hoxnian and Ipswichian Interglacials were warmer than the present, Flandrian or Holocene, period. In that case, tundra must have been even more restricted than now, and broken into smaller patches (Kraaijeveld & Nieboer, 2000) . It is 
Conclusions
The earliest bird, Archaeopteryx, was a contemporary of the pterosaurs, the flying reptiles, in southern Germany 150 Ma. It was very reptile-like in its skeleton, but its feathers, arranged much as in modern birds on its wings, leave no doubt that it could fly. During the subsequent Cretaceous period, birds from various parts of the world, including Spain, Mongolia, and China, show skeletons more like those of modern birds, shortening their tails, losing teeth and finger claws, and gaining the keeled sternum and tall coracoid that house the flight musculature needed for strong flight. By the end of the Cretaceous, however, there is little evidence for any of the modern orders of birds, which only appear in the early Tertiary, in the Eocene of Denmark, Britain, Germany, and the USA. A tropical bird fauna of early relatives of many modern orders occurs in the London Clay of this time, but there is then a gap in the fossil record of birds in Britain until the end of the Pliocene and the Pleistocene. By this time, modern genera and species are evident. The fluctuating climate of the Pleistocene period saw warm interglacial faunas alternating with cold glacial faunas, and must have caused substantial changes in range. Evidence of changes in DNA, and of modest evolutionary changes, produced subspecies and closely related species, in response to the ranges being split by climaticinduced change, but little evidence of the substantial evolutionary changes as shown by the contemporary mammals (where new genera and species of voles, lemmings, and elephants characterize different stages of the Pleistocene). It looks as though birds mostly responded to the changing climate by moving, rather than evolving (though the more sedentary owls and grouse may have changed size or diet). It is not clear whether migratory habits evolved during this time, as well, but it seems very probable, particularly for species that breed in the high arctic, such as geese and waders. Harrison (1980c) suggested that the appearance of Corncrake and Whimbrel remains in Bed 1 at Olduvai Gorge, Tanzania, dated back at about 1.9-1.7 Ma, imply that the long-distance Palaearctic-African migration system was already a feature of bird biology long before the more severe Pleistocene glaciations conspired to push temperate birds southwards or eastwards out of Europe. Longer northern feeding periods in summer might have attracted northwards movements in spring, and the shorter feeding periods of winter might have
